this technique to the discrimination of upright and uprather than starting with assumptions about the kinds side-down faces, we can obtain a direct view of how of configural cues and/or local features that may be the previously invisible processing strategies differ as important for face recognition, our approach assumed a function of orientation. that an ensemble of processes encodes various aspects of faces and that the outputs of these processes can be used in a flexible manner to solve different tasks (e.g., Classification Images identification, gender discrimination, and recognition of In each trial, observers viewed a single face embedded emotional expression). Furthermore, we assumed these in noise. This was followed by a response window displaying noise-free, high-contrast versions of two faces (see Figure 1) . The observer's task was to select the *Correspondence: sekuler@mcmaster.ca
face presented in each trial. The combination of two one another and therefore contains most of the available discrimination information. Thus, if observers can enfactors (upright vs. inverted and male vs. female faces) led to four conditions, which were tested in different code information from only a portion of the face, then the most efficient strategy for our stimulus set and task blocks. Contrast detection thresholds were determined for 71% correct performance, and noise fields from each would be to focus on the eyes and eyebrows.
To quantify the analyses, we determined both the trial were stored to derive classification images (see Experimental Procedures for details). Inverted face disnumber of pixels that correlated significantly with an observer's response in each classification image and crimination required 53% more contrast than upright face discrimination; root mean square (RMS) contrast the normalized cross correlation of the observer's classification image with the classification image for an ideal thresholds for upright and inverted faces were 0.0172 and 0.0264, respectively [t(8) ϭ 3.20, p Ͻ 0.05]. Thus, discriminator. For our task, the ideal classification image was simply the pixel-by-pixel difference between the despite the fact that only two faces were shown in each condition, observers exhibited significant inversion eftwo faces being discriminated. The number of significant pixels indicates how much of the stimulus observers fects similar to those expected from experiments with multiple faces. This result indicates that it is unlikely used in each condition, whereas the correlation analysis indicates how efficiently observers used that informathat observers were treating the stimuli like random patches of dark and light in an image-matching task tion. As seen in Figure 3 , the number of significant pixels did not vary consistently with stimulus orientation [t(8) ϭ because one would not expect, a priori, to find an inversion effect when simply matching one meaningless tex-1.61, not significant] and those pixels generally were confined to the eye/brow region (blue rectangles, as ture to another.
Visual inspection of the classification images (Figure described in Figure 2 pixels in each case, the information contained in those sistently greater than predicted efficiency, thereby suggesting that nonlinear processes contributed to perforpixels was used much more efficiently for upright faces than for inverted faces. mance in our task. Interestingly, the fact that deviations from the predicted efficiency were similar for upright and inverted faces suggests that the contributions to Nonlinear Contributions performance that can be attributed to such nonlinear Our interpretation of classification images, as defined processes were similar in the two conditions (although by Equation 1, is limited by the fact that the technique it remains possible that different nonlinear processes reveals only the linear association between each pixel's are involved for faces viewed at different orientations). contrast and the observer's responses and is not sensitive to nonlinearities. However, the contribution of nonlinearities can be estimated indirectly from classification Conclusions Like previous researchers, we found that observers were images [26] . If, in each trial, the decision of an observer is affected only by linear mechanisms, then the observer's more sensitive to differences between upright faces than between inverted faces. Such a result is typically absolute efficiency (i.e., measured performance relative to the best possible performance of an ideal discriminainterpreted to mean that upright faces are processed configurally, whereas the processing of upside-down tor) can be predicted from the obtained classification image. If absolute efficiency is higher than the predicted faces is based primarily on features. However, our results do not support the conclusion that qualitatively value, then nonlinear mechanisms whose influence is not captured by the classification image must have condistinct modes of processing are used in the two conditions. In our experiments, performance differences betributed to the observer's behavior. Figure 4 shows the relationship between predicted and obtained values of tween upright and inverted faces were correlated with the structure contained in linear classification images, absolute efficiency for upright and inverted conditions. The results point to two important conclusions. First, and observers used highly localized regions near the eyes to discriminate faces at both orientations. Although there is a strong relationship between predicted and obtained absolute efficiencies; observed efficiency was nonlinear mechanisms contributed to performance, the magnitude of this contribution was small and similar correlated with predicted efficiency [r 2 ϭ 0.76], and the addition of face orientation as an additional, binary prefor both upright and inverted faces. Overall, our results suggest that the primary difference between processing dictor variable did not significantly improve the fit of the regression model. Thus, variation in the structure within upright and inverted faces is quantitative rather than qualitative. Discriminative regions are processed more classification images is strongly correlated with differences in thresholds obtained with upright and inverted efficiently in upright faces than in upside-down faces. This view differs from the standard view of configural faces. Second, observed efficiency was slightly but con- In addition, studies with fMRI show preferential activaFor example, the failure to recognize grotesque expressions in inverted, Thatcherized faces may be due to tion in the so-called fusiform face area (FFA) for both upright and inverted faces compared to other objects decreased ability to extract relevant emotional information from inverted faces (similar to the decreased ability such as houses [29] . All of these results support the idea that upright and inverted faces engage similar neural to extract relevant identity information from inverted faces). However, it also remains possible that nonlinearimechanisms. Although it is possible that different populations of neurons lead to these responses for upright ties play a bigger role in such tasks and, more generally, that nonlinear processes are more important at supraand inverted faces, it is equally possible that both types of stimuli lead to activation of the same expertise-related threshold signal-to-noise ratios. mechanisms [30] [31] . In this latter context, the advantage for processing upright faces may simply be a by- (versions A and B) . However, the results were qualitatively and quancan be quite specific (e.g., to stimulus orientation [32] ), pants completed 10,000 trials in each condition, and each classification image was based on all 10,000 trials. There were 4-6 sessions per condition (500-2500 trials per session). Throughout the session, stimulus contrast was adjusted with a staircase procedure so that response accuracy remained at approximately 71% correct. Results from one observer's male conditions are not included in the analyses because a computer error led to the presentation of incorrect contrast values in those conditions.
Version B
Two observers were tested with female faces and two with male faces. Each observer was tested with both upright and inverted faces. All observers received several thousand practice trials in the face discrimination tasks before the main experiment. Each testing session consisted of 2150 trials. During the first 150 trials, stimulus contrast was adjusted with a staircase procedure so that the contrast needed to produce 71% correct responses could be estimated. Stimulus contrast remained at this value for the session's remaining 2000 trials, of which results were used to calculate the classification image. Each classification image was based on a total of 10,000 trials.
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